The effects of sweet potato-shochu distillery by-product on growth of Bifidobacterium in milk were examined to consider its potential use as a food ingredient. Addition of sweet potato-shochu distillery wastewater to 10% skimmed milk powder medium enhanced organic acid production and the numbers of Bifidobacterium lactis BB-12, while increasing its concentration. The low molecular fraction (< 1 kDa) from sweet potato-shochu distillery wastewater had a growth-stimulating effect on Bifidobacterium. The low molecular fraction was separated by gel permeation chromatography to yield the O-1 fraction, whose main component was oligosaccharides consisting of glucose, galactose and uronic acids, and the P-1 fraction whose main component was heterogeneous peptides. A combination of the O-1 and P-1 fractions significantly stimulated growth of Bifidobacterium, although the individual fractions had no effect on Bifidobacterium growth. Of the 10 Bifidobacterium species tested, the sweet potato-shochu distillation wastewater stimulated the growth of Bifidobacterium lactis BB12, Bifidobacterium longum B66, Bifidobacterum infantis JCM 1210 and Bifidobacterum adolesentis JCM 1275. The present results indicate that sweet potato-shochu distillery wastewater can be used as an enhancer of fermentation by Bifidobacterium.
Introduction
Shochu is a type of alcohol spirit mainly produced in the south of Japan. The volume of shochu produced from sweet potato is increasing, as are its by-products, and disposal of these by-products is a serious environmental problem. Although sweet potato-shochu distillery by-products were previously disposed of in the sea, in recent years, large amounts have been dried and used as fodder (Mahfudz et al., 1996 (Mahfudz et al., , 1997 Ohtsuka et al., 1998) . Sweet potato-shochu distillery wastewater contains numerous components originating from its raw materials, rice malt and yeast (Wu and Bagby, 1987) , and is rich in nutrients, including oligosaccharides, peptides, dietary fiber and vitamins. In addition to their high nutritional value, these components have additional physiological properties (Cummings et al., 2001; Mitterdorfer et al., 2001) , because of the presence of rice malt and yeast fermentation. Many researchers have reported effects such as inhibition of hypertension (Morimura et al., 2002; Nakamura et al., 2003) , anti-cancer action (Omori and Hokazono, 2003) , antitumor action (Hirose et al., 2002; Matsumoto et al., 2005; Tsuchiya et al., 2006) , antioxidation (Xiu et al., 2004; Yoshimoto et al., 2004) , and anti-allergic immunomodulating effects (Iguchi et al., 2007) . Attempts have therefore been made to use sweet potato-shochu distillery wastewater as a food ingredient; however, few food applications have been successful due to its odor. In considering the application of sweet potato-shochu by-products to the food industry, it is thus important to take into account both its functional properties and its odor. We have developed a lactic acid bacterial beverage made from sweet potato-shochu distillery wastewater combined with milk (Yonemoto et al., 2009) . The lactic acid bacterial beverage had almost none of the harsh flavor derived from the sweet potato-shochu distillery wastewater, it was markedly reduced via fermentation by lactic acid bacterium.
It is difficult to grow Bifidobacterium in milk because of its complex auxotrophy. Various growth stimulators are CFUs were determined by plating on TOS propionate agar (Eiken Chemical Co., Japan).
Fractionation of sweet potato-shochu distillery wastewater The low molecular-weight fraction from sweet potatoshochu distillery wastewater was collected by ultrafiltration with Diaflo ultrafiltration membrane YM-1 (cut off, 1 kDa), and was then concentrated to 1/3 volume by vacuum evaporation at 60℃. Gel permeation chromatography followed by the ultrafiltration and concentration was carried out using a Bio-Gel P-2 column (3.0 × 120 cm). Samples (8 mL) of each eluent were collected in order to monitor saccharide and peptide levels. Saccharides were determined by the phenol-sulfuric acid method, and peptides were assessed using a BioRad DC protein assay kit (Bio-Rad, Hercules, CA, USA), based on the Lowry assay. Collected fractions were used for evaluation of growth-stimulating effects on Bifidobacterium species.
Amino acid analysis was performed according to the AccQ-Taq method (Cohen et al., 1993 (Cohen et al., , 1994 . Samples were hydrolyzed for 24 h at 110℃ in the Waters Pico-Tag Workstation using 6 N HCl with 1% phenol. The samples were derivatized using the Waters AccQ-Fluor reagent kit (Waters, MA, U.S.A). All analyses were performed on an Agilent 1100 HPLC system with a Waters AccQ·Tag C 18 column (3.9 × 150 mm). The excitation wavelength and the emission wavelength were set to 250 nm and 395 nm, respectively.
Determination of saccharide composition was performed using an ABEE saccharide composition analysis kid (J-Oil Mills Co., Ltd., Tokyo, Japan). Samples were treated with Nacetylneuraminic acid aldolase in order to convert free sialic acid residues to their corresponding N-acylmannosamines (Yasuno et al., 1997 (Yasuno et al., , 1999 ). The reaction mixtures were then subjected to acid hydrolysis with 4 M trifluoroacetic acid at 100℃ for 3 h, N-acetylation, and conversion with ρ-aminobenzoic acid ethyl ester (ABEE). The ABEE-converted monosaccharides were determined by reverse-phase high-performance liquid chromatography using a Honenpak C 18 column (4.6 × 75 mm). The elution buffer was 0.2 M potassium borate (pH 8.9)/acetonitrile, (93:7). therefore used in the food industry in order to produce fermented milk products containing Bifidobacterium (Poch et al., 1991; Gomes et al., 1998; Villaluenga et al., 2008) . More recently, Furuta et al. (2007) reported that the ethanol-insoluble fraction from the by-products of barley shochu stimulated growth of Bifidobacterium in culture medium. This suggests that rice malt and barley may play an important role in the production of active components that have growthstimulating effects on Bifidobacterium. Sweet potato-shochu distillery wastewater is also expected to possess factors for Bifidobacterium. In the present study, we examined the stimulation effects of sweet potato-shochu distillery wastewater on the growth of Bifidobacterium in milk, and describe the possibility of its application to the food industry.
Materials and Methods
Materials Sweet potato-shochu post-distillation slurry was obtained from a sweet potato-shochu manufacturing company (Satsuma Shuzo Co., Kagoshima, Japan), and was kept at -20℃ until use. The slurry was centrifuged at 12,000 × g, for 10 min and the supernatant was used as sweet potato-shochu distillery wastewater. Its composition is shown in Table 1 ; saccharide and crude protein contents determined by the phenol-sulfuric acid method (Dubos et al., 1956 ) and the micro-Kjeldahl method were 0.99 and 0.82%, respectively.
Microorganisms Bifidobacterium (B.) lactis BB-12 was purchased from Chr. Hansen (Hoersholm, Denmark). Other Bifidobacterium species were obtained from Riken BioResouce Center (Saitama, Japan). To prepare the starter culture, B. lactis BB12 was cultured in 10% skimmed milk supplemented with 0.1% Bacto yeast extract and 0.05% Bacto peptone (Becton Dickinson & Company, MD, USA), while other Bifidobacterium species were cultured in GAM broth (Nissui Pharmaceutical Co., Japan) with Anaero Pack (Mitsubishi gas chemical Co., Japan) at 37℃ for 48 h.
In order to examine the effects of sweet potato-shochu distillery wastewater on the growth of B. lactis BB-12 in milk, 10% skimmed milk powder solution was prepared with sweet potato-shochu distillery wastewater that was adjusted to pH 6.7 with 30% KOH. Skimmed milk containing the samples was pasteurized at 90℃ for 5 min. B. lactis BB-12 starter culture was added to pasteurized medium at a concentration of 1%, and was then cultured at 37℃ for a prescribed period. To examine the selectivity of the growth-stimulating effects of sweet potato-shochu distillery wastewater, precultured bifidobacterial suspension was added to pasteurized 10% skim milk medium at a concentration of 0.1%, followed by culture at 37℃ for 48 h. The growth of bacteria was evaluated based on acid production during bifidobacterium growth, changes in pH and Colony forming units (CFUs). by 10-and 100-fold, respectively, after addition of sweet potato-shochu distillery wastewater, while those of B. infantis JCM 1210 and B. adolesentis JCM 1275, which live in the human intestinal tract, increased by 100-fold.
Results and Discussion
Effects of sweet potato-shochu distillery wastewater on growth of bifidobacteria In order to examine the effects of sweet potato-shochu distillery wastewater on growth of bifidobacteria, it was used to prepare skimmed milk powder solution instead of waster. The acid contents increased with the concentration of sweet potato-shochu distillery wastewater for all fermentation periods (Fig. 1A) . Sweet potatoshochu distillery wastewater contains citric acid, and the buffer action of citrate is considered to stimulate the production of organic acid by B. lactis BB-12. Citric acid was therefore added to 10% skimmed milk powder solution at the same concentration as that in sweet potato-shochu distillery wastewater. The increase in acid contents in 10% skimmed milk powder containing the sweet potato-shochu distillery wastewater was higher than that in 10% skimmed milk powder containing 0.75% citric acid for all fermentation periods. The CFUs of B. lactis BB-12 in the fermented milk containing sweet potato-shochu distillery wastewater, similarly to the increase in acid contents, were higher when compared to those in the fermented milk containing 0.75% citric acid (Fig.  1C) . The CFUs of B. lactis BB-12 in the fermented milk containing 90% sweet potato-shochu distillery wastewater was approximately 10 times those in blank fermented milk. The sweet potato-shochu distillery wastewater stimulated growth of the B. lactis BB-12 while pH of fermented milk containing sweet potato-shochu distillery wastewater was slightly higher than that of blank fermented milk (Fig. 1B) . The higher pH was apparently due to the buffer action of the citric acid present in sweet potato-shochu distillery wastewater. This suggests that factors in the sweet potato-shochu distillery wastewater stimulate growth of Bifidobacterium species in milk.
Selectivity of growth-stimulating effects of sweet potato-shochu distillery wastewater
The selectivity of the growth-stimulating effects of sweet potato-shochu distillery wastewater were examined using 10 strains of Bifidobacterium (Fig. 2) . Of the 10 species of Bifidobacterium, sweet potato-shochu distillery wastewater stimulated growth of B. lactis BB12, B. longum B66, B. infantis JCM 1210 and B. adolesentis JCM 1275. The sweet potato-shochu distillery wastewater showed no effects on the growth of B. longum JCM1217 and B. longum JCM 1222. The other Bifidobacterium species used in this experiment did not grow in 10% skimmed milk medium, with or without sweet potato-shochu distillery wastewater, at 37℃ for 48 h. These results suggest that the growth-stimulating effects of sweet potato-shochu distillery wastewater differ among the strains of Bifidobacterium. However, the CFUs of B. lactis BB12 and B. longum B66, which are used for manufacturing yoghurts, increased Growth Stimulator of Bifidobacterium Bifidobacterium lactis BB-12 was added to 10% skimmed milk medium prepared with (◆) distilled water, (■) 45% sweet potato-shochu distillery wastewater, (▲) 90% sweet potato-shochu distillery wastewater or (×) 0.75% citric acid solution, followed by cultured at 37℃ for the durations noted.
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terium, but a combination of the O-1 and P-1 fractions stimulated growth of B. lactis BB-1. This suggests that individual components, oligosaccharides or peptides, in sweet potatoshochu distillery wastewater did not independently stimulate growth of the B. lactis BB-12, but that oligosaccharides in combination with peptides are necessary. Oligosccharides and peptides are known to stimulate growth of Bifidobacterium (Kehagias et al., 1977; Cummings et al., 2001) . It was reported that dietary fiber from sweet potato effectively stimulates in vitro growth of B. adolescentis and B. breve, which can be found in the human intestinal tract (Yoshimoto et al., 2005) . In that report, the growth-stimulating factors in dietary fiber from sweet potato were not determined, although it was suggested that pectin and hemicellulose were involved.
As shown in Table 2 , the oligosaccharide and peptide contents in the O-1 fraction were 0.19% and 0.06%, respecCharacterization of factors that stimulate growth of Bifidobacterium The ultrafiltrate (< 1 kDa: low molecularweight fraction) from sweet potato-shochu distillery wastewater also stimulated growth of the B. lactis BB-1. Gel permeation chromatography followed by ultrafiltration was performed in order to characterize the factors that stimulated the growth of B. lactis BB-1. As shown in Fig. 3 , the eluate was divided into two fractions (O-1 and O-2) of oligosaccharides and two fractions (P-1 and P-2) of peptides. The oligosaccharide and peptide contents of each fraction are shown in Table 2 . Each fraction was added to the control medium (10% skimmed milk powder) to give the same concentration as in the original sweet potato-shochu distillery wastewater, and the growth-stimulating effects were compared (Fig. 4) . The individual fractions had no effect on the growth of Bifidobact. NakaNo et al. Saccharide and peptide contents in P-1, P-2, O-1-and O-2 fractions were calculated from peak areas on chromatogram (Fig. 3 ) of low molecular-weight fraction obtained using Bio-Gel P-2 column.
fidobacterium. The oligosaccharides and peptides in sweet potato-shochu distillery wastewater that have a growthstimulating effect on Bifidobacterium were different from those in barley-shochu distillery wastewater and dietary fiber from sweet potato, based on the saccharide composition and molecular weight. Shochu distillery wastewater made from barley or sweet potato is rich in nutrients, and the components are expected to have additional functions because of the effects of fermentation by yeast combined with rice malt in addition to original nutrients in the barley or sweet potato. Considering the application of sweet potato shochu byproducts to the food industry, it is important to consider not only the functional properties, but also the odor. We developed a lactic acid bacterial beverage made from sweet potato-shochu distillery wastewater combined with milk (Yonemoto et al., 2009) . Fermentation by lactic acid bacteria markedly reduced the harsh flavor derived from sweet potato-shochu wastewater. The present results indicate that sweet potato-shochu distillery wastewater stimulated fermentation by Bifidobacterium in milk. Accordingly, sweet potatoshochu distillery wastewater can be used as an enhancer of fermentation in order to prepare beverages that include Bifidobacterium. Moreover, sweet potato-shochu distillery wastewater may have functional properties as a prebiotic. Further characterization of the saccharides and peptides in sweet potato-shochu distillery wastewater is thus necessary.
tively, in the original sweet potato-shochu distillery wastewater. This gel permeation chromatography analysis was performed using Bio-Gel P-2. The peak retention times in O-1 and O-2 coincided with those of maltotetoraose and maltotriose, respectively. Based on the properties of this column and the average degree of polymerization, the oligosaccharides in O-1 fraction were apparently tetrasaccharides. Moreover, the oligosaccharides included in the O-1 fraction were composed of 17.3% glucose, 50.3% galactose and 31.8% uronic acids. Sweet potato-shochu distillery wastewater contains many components originating from its raw materials; rice malt and yeast. Numerous oligosaccharides derived from raw materials by fermentation are also contained in sweet potato-shochu distillery wastewater. Fractionation of sweet potato-shochu distillery wastewater in this study was performed using only gel permeation chromatography followed by ultrafiltration. Accordingly, the oligosaccharide in O-1 fraction appears to be heterogeneous. The oligosaccharide and peptide contents of the P-1 fraction were 0.10 and 0.38% respectively in the original sweet potato-shochu distillery wastewater. Amino acid composition analysis confirmed the presence of 18 types of amino acid, and this suggests that the peptides in P-1 fraction were heterogeneous. Furuta et al. (1998 Furuta et al. ( , 2007 reported that the ethanolinsoluble fraction, whose main component was an oligosaccharide consisting of glucose, xylose and arabinose, and whose minor component was a peptide, from barley-shochu distillery wastewater had a growth-stimulating effect on BiGrowth Stimulator of Bifidobacterium   Fig. 4 . Growth-stimulating effect of low molecular-weight fractions from sweet potato-shochu distillery wastewater. Skim milk medium prepared with water was treated as a blank. Skim milk medium prepared with sweet potato-shochu distillery wastewater was treated as a control. Each fraction was added to the blank medium inorder to give the same concentration as that in control medium. Bifidobacterium lactis BB-12 was cultured for 8h at 37℃.
